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Wkh H>hfw ri Hgxfdwlrq Surjudpv rq Sdudwudqvlw
Ghpdqg ri Shrsoh zlwk Glvdelolwlhv





=Zh zrxog olnh wr wkdqn wkh MDXQW Erdug ri Gluhfwruv iru surylglqj xv zlwk dffhvv wr wkh
gdwd dqg Khohq Srruh dqg Ndwk| Kdoyruvhq iurp FWV iru froohfwlqj dqg khoslqj xv wr xqghuvwdqg
wkh FWV gdwd/ dqg Hg Rovhq iru xvhixo frpphqwv1 Doo huuruv duh wkh idxow ri wkh dxwkruv141 Lqwurgxfwlrq
R y h uw k ho d v ww h q| h d u v /w k hd p r x q wr iw u d q v s r u w d w l r qv h u y l f h vi r us h r s o hz l w k
glvdelolwlhv kdv h{sorghg1 Dfurvv 4<; flwlhv zlwk ohvv wkdq 733/333 shrsoh lq
4<;3/ wulsv lqfuhdvhg iurp 913 ploolrq lq 4<;7 wr 491< ploolrq lq 4<<814 Pxfk ri
wklv lv gxh wr wkh sdvvdjh ri wkh Dphulfdqv zlwk Glvdelolwlhv Dfw +DGD, lq 4<<31
Ihghudo dqg vwdwh ?qdqflqj kdv qrw nhsw sdfh zlwk ghpdqg1
Vrph orfdo jryhuqphqwv kdyh wulhg wr surylgh dv olwwoh vhuylfh dv srvvleoh dqg
rqo| zkhq irufhg wr e| frxuwv ru wkh ihghudo jryhuqphqw +Il{/ 4<;8,1 Rwkhuv
kdyh wulhg wr phhw wkh qhhgv ri wkhlu glvdeohg srsxodwlrqv lq ?vfdoo| ihdvleoh zd|v
+Hyhuhww/ 4<;8,1 Doo kdyh kdg wr ghdo zlwk gl!fxow ?qdqfldo lvvxhv dvvrfldwhg
zlwk surylglqj wudqvsruwdwlrq1
Lq wkh Wkrpdv Mh>huvrq Sodqqlqj Glvwulfw ri fhqwudo Ylujlqld/ orfdo jryhuq0
phqwv kdyh vxssruwhg wudqvsruwdwlrq iru shrsoh zlwk glvdelolwlhv iru ryhu wzhqw|
|hduv1 Wkh glvwulfw lqfoxghv dq xuedq duhd +Fkduorwwhvylooh dqg sduwv ri Doehpduoh
Frxqw|, dqg d uxudo duhd +prvw ri Doehpduoh Frxqw| dqg doo ri Juhhqh/ Ioxydqqd/
Orxlvd/ dqg Qhovrq Frxqwlhv,1 Doo mxulvglfwlrqv h{fhsw Juhhqh Frxqw| sduwlflsdwh
lq MDXQW/ wkh orfdo sdudwudqvlw surylghu1 Wkhlu vxssruw ri MDXQW eurxjkw wkh
duhd lqwr ixoo frpsoldqfh zlwk DGD uhtxluhphqwv orqj ehiruh wkh DGD zdv hq0
dfwhg1 Wklv klvwru| ri vxssruw hqdeohg MDXQW wr jlyh yhu| shuvrqdol}hg vhuylfh
wr sdvvhqjhuv/ lqfoxglqj surylglqj wudqvsruwdwlrq qrw mxvw fxue0wr0fxue +FWF, dv
uhtxluhg e| wkh DGD/ exw riwhq h{whqglqj eh|rqg grru0wr0grru +GWG,1 Gulyhuv
riwhq zdlwhg iru wdug| sdvvhqjhuv dqg glg qrw vwulfwo| hqirufh wkh iduh sd|phqw
uxohv1 Sdvvhqjhuv zkr idlohg wr nhhs wudqvsruwdwlrq dssrlqwphqwv +qr0vkrzv,
vx>huhg olwwoh ru qr frqvhtxhqfhv/ dqg vrph ri MDXQW*v sdvvhqjhuv vhhphg fdsd0
eoh ri xvlqj wkh ohvv h{shqvlyh orfdo ?{hg0urxwh vhuylfh1 Qrw vxusulvlqjo|/ vhuylfh
ghpdqg shu fdslwd kdv ehhq kljk dqg zdv irxqg wr eh ryhu wzlfh wkdw ri dq|
rwkhu xuedq duhd lq Ylujlqld lq d uhfhqw vxuyh| +MDXQW/ 4<<9,1 Wkh frvw wr wkh
orfdo jryhuqphqwv lv fruuhvsrqglqjo| kljk/ hvshfldoo| jlyhq olplwhg ihghudo dqg
vwdwh ixqglqj1
Olnh rwkhu sdudwudqvlw surylghuv/ MDXQW kdv ehhq xqghu lqfuhdvlqj suhvvxuh
wr olplw frvwv dqg |hw kdv olplwhg delolw| wr frqwuro ghpdqg gxh wr DGD uhj0
xodwlrqv1 Ghvslwh wkh olplwdwlrqv lpsrvhg e| DGD/ MDXQW lghqwl?hg vhyhudo
dyhqxhv iru frvw frqwdlqphqw1 Lq Mxqh 4<<:/ MDXQW kluhg d sdvvhqjhu hgxfd0
wru5 wr hqdfw d surjudp wr pdnh MDXQW pruh frvw h>hfwlyh1 Wkh sdvvhqjhu
hgxfdwru*v irfxv zdv rq fkdqjlqj wkh shufhswlrqv ri MDXQW rq wkh sduw ri sdv0
vhqjhuv/ gulyhuv/ dqg jurxsv vhuyhg e| wkh djhqf| zkloh pdlqwdlqlqj edvlf vhuylfh
4Vhh Vhfwlrq 5 iru d glvfxvvlrq ri wkh uhohydqw gdwd1
5Wkh sdvvhqjhu hgxfdwru zdv Mdphv Ilw}jhudog/ rqh ri wkh dxwkruv ri wkh sdshu1
5txdolw|1 Wkh jrdov ri wkh sdvvhqjhu hgxfdwlrq surjudp lqfoxgh= d, lqfuhdvlqj xvh
ri wkh sxeolf ?{hg0urxwh v|vwhp e| fhuwl?hg sdudwudqvlw xvhuv/ e, ghfuhdvlqj wkh
dyhudjh erduglqj wlph shu sdvvhqjhu lq wkh xuedq duhd/ f, ghfuhdvlqj qr0vkrzv/
dqg g, ghfuhdvlqj wkh qxpehu ri wulsv iru zklfk MDXQW surylghg GWG vhuylfh1
Vlqfh wkh orfdo ?{hg0urxwh surylghu r>huhg iuhh vhuylfh wr fhuwl?hg sdudwudqvlw ulg0
huv/ wkh rssruwxqlwlhv iru frvw0vdylqj zhuh hqkdqfhg1 Wkh hgxfdwlrq surfhvv zdv
qrw phdqw wr pdnh sdvvhqjhuv ehwwhu r>> udwkhu lw zdv wr khos wkhp ohduq krz wr
ehkdyh lq zd|v wkdw zrxog vdyh MDXQW prqh| zlwkrxw xquhdvrqdeoh kdugvklsv
wr wkh sdvvhqjhu1
Wkh jrdo ri wklv sdshu lv wr hydoxdwh wkh h>hfwv ri wkh sdvvhqjhu hgxfdwlrq
surjudp dqg wr surylgh vrph frvw0ehqh?w dqdo|vlv ri lw1 Vhfwlrq 5 ghvfulehv
wuhqgv dfurvv wkh Xqlwhg Vwdwhv lq wuls ghpdqg dqg ?qdqflqj +dqg krz MDXQW
frpsduhv wr wkh uhvw ri wkh frxqwu|,1 Vhfwlrq 6 ghvfulehv wkh gdwd xvhg lq wkh
dqdo|vlv1 Vhfwlrq 7 ghvfulehv wkh hfrqrphwulf phwkrgv xvhg wr phdvxuh wkh h>hfw
ri wkh surjudp rq wuls iuhtxhqf| dqg qr0vkrzv1 Vhfwlrq 8 surylghv uhvxowv iurp
wkh hvwlpdwlrq surfhgxuhv dqg dovr suhvhqwv rwkhu/ ohvv irupdo/ hylghqfh1 Vhfwlrq
9 lv d frvw0ehqh?w dqdo|vlv zlwk frqfoxvlrqv1
51 Qdwlrqdo Wuhqgv lq Wuls Ghpdqg dqg Ilqdqflqj
Wklv vhfwlrq phdvxuhv wuls ghpdqg dqg ?qdqflqj dfurvv wlph dqg X1V1 flwlhv
dqg frpsduhv dyhudjh wuhqgv wr MDXQW*v h{shulhqfh1 Wkh gdwd xvhg lq wklv
vhfwlrq frphv iurp wkh Ihghudo Wudqvsruwdwlrq Dgplqlvwudwlrq*v +IWD, Vhfwlrq 48
uhsruwv16 Zh lqfoxgh lqirupdwlrq rq wkh 53< ghpdqg uhvsrqvh v|vwhpv orfdwhg lq
flwlhv ri qr pruh wkdq 733/333 shrsoh1 Ghwdlov dvvrfldwhg zlwk wdeoh frqvwuxfwlrq
duh lq Dsshqgl{ D1
Wkh qxpehu ri ghpdqg uhvsrqvh wulsv juhz udslgo| ehwzhhq 4<;7 dqg 4<<8
iurp 913 ploolrq wulsv wr 491< ploolrq iru dq dqqxdo jurzwk udwh ri <1<(1 Rq wkh
rwkhu kdqg/ dv glvsod|hg lq Iljxuh 4/ shu fdslwd wulsv7 j u h zi u r p3 1 4 4w r3 1 4 ;
iru dq dqqxdo jurzwk udwh ri 719(1 Lq idfw/ ri wkh 53< v|vwhpv lq wkh vdpsoh/
rqo| ;< zhuh vwdeoh> l1h1/ zhuh lq rshudwlrq iru wkh zkroh vdpsoh shulrg1 Wkxv/ d
vljql?fdqw dprxqw ri jurzwk rffxuuhg e| wkh irupdwlrq ri qhz v|vwhpv1 Rq wkh
rwkhu kdqg/ MDXQW wulsv shu fdslwd juhz iurp 3195 wr 5139 iru dq dqqxdo jurzwk
udwh ri 4418(1 Erwk MDXQW*v wuls ohyho dqg jurzwk udwh duh vljql?fdqwo| kljkhu
wkdq wkh uhvw ri wkh frxqwu|18
6Wkh uhdghu fdq jdlq dffhvv wr wklv gdwd dw zzz1shrsoh1ylujlqld1hgx2￿vqv8u2vhfw48vwi2vhfw481kwpo1
7Shu fdslwd wulsv duh dqqxdo wulsv glylghg e| wkh srsxodwlrq ri wkh vhuylfh duhd1 Vhh Dsshqgl{
D iru pruh glvfxvvlrq1
8MDXQW*v wuls ghpdqg kdv ehhq lq wkh <<wk ( wkurxjkrxw wkh shulrg1
6Ghpdqg uhvsrqvh wulsv duh ?qdqfhg wkurxjk d frpelqdwlrq ri ixqgv iurp
wkh ihghudo jryhuqphqw/ wkh vwdwh jryhuqphqw/ wkh orfdo jryhuqphqw/ dqg sulydwh
sd|phqwv1 Iljxuh 5 vkrzv krz wkh sursruwlrq ri ?qdqflqj iurp hdfk vrxufh kdv
fkdqjhg ryhu wkh vdpsoh shulrg1 Wkhvh qxpehuv duh vrphzkdw plvohdglqj iru
wkuhh uhdvrqv1 Iluvw/ wkh ?qdqfh qxpehuv uhsuhvhqwhg lq Iljxuh 5 fruuhvsrqg
wr sd|phqwv pdgh wr wkh uhohydqw wudqvlw v|vwhp1 Lq prvw fdvhv/ wkh uhohydqw
v|vwhp surylghv ?{hg urxwh exv vhuylfh dorqj zlwk ghpdqg uhvsrqvh vhuylfh1 Wkh
?qdqfh qxpehuv gr qrw glvwlqjxlvk ehwzhhq ?qdqflqj ri ghpdqg uhvsrqvh vhuylfh
dqg ?qdqflqj iru rwkhu vhuylfh1 Vhfrqg/ lqfoxghg lq wkh ihghudo dqg vwdwh ?qdqflqj
qxpehuv duh judqwv iru vshfldo surmhfwv1 Wkh vkdus lqfuhdvh lq ihghudo ?qdqflqj lq
4<<7 vhhq lq Iljxuh 5 uhsuhvhqwv odujh lqfuhdvhv wr 68 v|vwhpv udwkhu wkdq dfurvv0
wkh0erdug lqfuhdvhv1 Wklug/ djjuhjdwlrq ri gl>huhqw vrxufhv lqwr sulydwh ?qdqflqj
lqfoxghv iduhv sdlg e| sdvvhqjhuv dqg iduhv sdlg e| vrfldo vhuylfh djhqflhv1 Lq wkh
fdvh ri MDXQW/ dssur{lpdwho| :3( ri wkh iduhv duh sdlg e| vrfldo vhuylfh djhqflhv
vxfk dv Phglfdlg/ wkh orfdo djlqj djhqf|/ dqg wkh orfdo frppxqlw| vhuylfhv erdug1
Wkh| uhsuhvhqw d exughq wr wkh sdvvhqjhu rqo| wr wkh ghjuhh wkdw wkh| uhgxfh rwkhu
vhuylfhv wkh sdvvhqjhu pljkw kdyh uhfhlyhg +lq wkh fdvh ri Phglfdlg/ lw lv }hur> lq
wkh fdvh ri orfdo djhqflhv/ lw pljkw eh srvlwlyh,1 Wkh Vhfwlrq 48 gdwd surylghv
qr zd| wr glvdjjuhjdwh sulydwh ?qdqflqj lqwr wkdw lqfxuuhg e| wkh sdvvhqjhu dqg
wkdw lqfxuuhg e| ihghudo/ vwdwh/ dqg orfdo jryhuqphqwv1
Li rqh orrnv dw phgldq sursruwlrqv lqvwhdg ri phdq sursruwlrqv/ rqh vhhv d yhu|
vwdeoh sdwwhuq lq wkh irxu ?qdqflqj w|shv dfurvv wkh vdpsoh shulrg1 Ixuwkhupruh/
phgldq shu fdslwd ?qdqflqj kdv qrw fkdqjhg vljql?fdqwo| ryhu wkh vdpsoh shulrg
dqg kdv qrw jurzq zlwk shu fdslwd wuls ghpdqg1 Wkxv/ prvw ghpdqg uhvsrqvh
v|vwhpv kdyh ihow lqfuhdvlqjo| exughqhg e| 719( dqqxdo jurzwk lq ghpdqg1 Dw
MDXQW/ zkloh ghpdqg juhz dqqxdoo| dw 4418(/ shu fdslwd vwdwh dqg ihghudo
?qdqflqj juhz dw 431:(1 Iljxuh 6 vkrzv wkh sursruwlrqv ri ?qdqflqj vrxufhv iru
MDXQW19 Sulydwh ?qdqflqj dsshduv wr eh wkh odujhvw vrxufh ri ixqglqj/ exw/ lq
idfw/ dssur{lpdwho| :3( ri wkdw frphv iurp orfdo vrfldo vhuylfh djhqflhv1
61 Gdwd
Wkhuh duh wkuhh gdwd vhwv xvhg lq wklv dqdo|vlv1 Iurp wkhvh wkuhh/ zh revhuyh
lqirupdwlrq rq wkh qxpehu ri wulsv wdnhq shu prqwk/ fkdudfwhulvwlfv ri wkh lqgl0
9MDXQW*v ?qdqflqj ?jxuhv duh dgmxvwhg lq d qxpehu ri zd|v wr ehwwhu uh hfw wkh uhdolw|
ri lwv vlwxdwlrq1 Iluvw/ wkh surfhhgv ri d odujh ihghudo judqw lw uhfhlyhg lq 4<<7 duh vxewudfwhg
rxw vlqfh lw glg qrw d>hfw edvlf vhuylfh1 Vhfrqg/ ixqglqj iru wkh orfdo ?{hg urxwh exv v|vwhp
zdv vxewudfwhg rxw hyhq wkrxjk lw udq d yhu| vpdoo ghpdqg uhvsrqvh v|vwhp diwhu krxuv1 Wklv
pdnhv wkh MDXQW qxpehuv ohvv frpsdudeoh wr wkh uhvw ri wkh X1V1/ dqg lw vkrxog pdnh rqh
zrqghu krz lqirupdwlyh wkh ixqglqj qxpehuv duh iru dq| v|vwhp1
7ylgxdov wdnlqj wulsv/ dqg uhfhlsw ri hgxfdwlrq vhuylfhv1 Wkh ?uvw gdwd vhw lv wkh
MDXQW dgplqlvwudwlyh uhfrugv surylglqj lqirupdwlrq rq hdfk wuls wdnhq1 Iurp
wklv gdwd/ zh fdq fuhdwh d ?oh zlwk wkh qdph dqg fdug qxpehu ri wkh shuvrq/ wkh
gdwh ri wkh wuls/ dqg zkhwkhu wkhuh zdv d qr0vkrz iru hdfk wuls wdnhq ehwzhhq
Pd| 4<<: dqg Dsulo 4<<;1 Ghwdlov ri krz wklv gdwd duh xvhg wr frqvwuxfw wkh
?oh mxvw ghvfulehg duh lq Dsshqgl{ E1 Wkh MDXQW gdwd lv wkhq djjuhjdwhg lqwr
qxpehu ri wulsv hdfk prqwk iru hdfk shuvrq lq wkh vdpsoh1
Wkh vhfrqg gdwd vhw lv wkh dgplqlvwudwlyh uhfrugv ri Fkduorwwhvylooh Wudqvlw
Vhuylfh +FWV,1 FWV froohfwv lqirupdwlrq rq hdfk shuvrq zkr dssolhv wr xvh
MDXQW lq wkh flw| ri Fkduorwwhvylooh1: Wkh FWV gdwd fdq eh pdwfkhg zlwk wkh
MDXQW gdwd wkurxjk d frpprq fdug qxpehu1
Wkh wklug gdwd vhw frqwdlqv lqirupdwlrq rq wkh gdwh dqg w|sh ri hgxfdwlrq
vhuylfh surylghg iru hdfk wlph vhuylfh zdv surylghg1 Wklv gdwd pxvw eh phujhg
zlwk wkh rwkhu wzr gdwd vhwv e| qdph +djdlq/ vhh ghwdlov lq wkh dsshqgl{,1
Fkdudfwhulvwlfv ri wkh phujhg gdwd duh uhsruwhg lq Wdeoh 41 Wkh dyhudjh djh
ri shrsoh lq wkh vdpsoh lv 9</ dqg prvw ri wkh vdpsoh lv ihpdoh1 D kljk sursruwlrq
olyh lq qxuvlqj krphv1 Shrsoh fdq kdyh xs wr hljkw gl>huhqw w|shv ri glvdelolwlhv
wkdw d>hfw wkhlu prelolw|1 Wkh dyhudjh qxpehu ri glvdelolwlhv shu shuvrq lv 414;1
Wkh dyhudjh qxpehu ri wulsv shu prqwk lv 81351 Wkh ehwzhhq vwdqgdug ghyld0
wlrq; phdvxuhv yduldwlrq dfurvv shrsoh dqg lv htxdo wr <13:1 Wkh zlwklq vwdqgdug
ghyldwlrq< phdvxuhv yduldwlrq dfurvv prqwkv iru wkh dyhudjh shuvrq dqg lv htxdo
wr 519:1 Wkhvh wzr vwdqgdug ghyldwlrqv vxjjhvw d orw ri khwhurjhqhlw| lq wuls
ghpdqg dfurvv shrsoh1 Wkh pd{lpxp dyhudjh qxpehu ri wulsv shu prqwk iru d
shuvrq lv 951<1
Wkh dyhudjh qxpehu ri qr0vkrzv shu prqwk lv 31381 Wkxv dssur{lpdwho| 4(
ri wulsv duh qr0vkrzv1 Wkh ehwzhhq vwdqgdug ghyldwlrq lv 3148/ dqg wkh zlwklq
vwdqgdug ghyldwlrq lv 3144 djdlq vxjjhvwlqj vljql?fdqw khwhurjhqhlw| dfurvv shrsoh1
W k hp d { l p x pd y h u d j hq x p e h ur iq r 0 v k r z vs h up r q w ki r uds h u v r ql v4 1 < 1
R q hf d qj h wdf u x g hv h q v hr ik r zw u l s v /q r 0 v k r z v /d q gv h u y l f hp r y he |o r r n l q j
dw Wdeoh 51 Rqh fdq vhh wkdw hgxfdwlrq vhuylfhv zhuh prvwo| surylghg lq wkh idoo1
:Iru doprvw doo shrsoh xvlqj MDXQW zkr olyh rxwvlgh wkh flw|/ wkhuh lv qr vxfk lqirupdwlrq
froohfwhg1







2 zkhuh ø lv wkh qxpehu ri revhuyhg shrsoh/ +￿ lv wkh phdq qxpehu ri
wulsv shu prqwk iru shuvrq ￿/d q g+ lv wkh ryhudoo phdq +813:,1









2 zkhuh ø lv wkh qxpehu ri revhuyhg shrsoh/ A￿ lv wkh
qxpehu ri prqwkv revhuyhg iru shuvrq ￿/d q g+￿ lv wkh phdq qxpehu ri wulsv shu prqwk iru
shuvrq ￿1
8Wulsv shu shuvrq shu prqwk ihoo diwhu wkdw1 Exw wkh| zhuh idoolqj ehiruh wkdw/ dqg
wkh ghfolqh diwhuzdugv frxog kdyh ehhq fdxvhg e| wkh zlqwhu vhdvrq +wkrxjk lw
zdv d yhu| plog zlqwhu,1 Qr0vkrzv vkrzhg qr fkdqjh ryhu wlph1 Wkh fkdqjh lq
wulsv qhhgv wr eh ghfrpsrvhg lqwr prqwk h>hfwv dqg vhuylfh h>hfwv e| orrnlqj dw
wkh sdqho gdwd pruh fduhixoo|1 Wkh vdph dssolhv wr wkh qr0vkrz gdwd1 Krzhyhu/
wkh qr0vkrz gdwd kdv d vljql?fdqw vhfrqgdu| sureohp lq wkdw wkh gh?qlwlrq ri d
qr0vkrz zdv fkdqjlqj ryhu wklv shulrg1 Lq sduwlfxodu/ MDXQW zdv pruh olnho| wr
ghfoduh d wuls d qr0vkrz dv wkh hgxfdwlrq surjudp surjuhvvhg hvshfldoo| iru wkrvh
zkr kdg uhfhlyhg hgxfdwlrq1 Wkhuh lv qr zd| wr fruuhfw iru wklv sureohp lq wkh
gdwd ru lq wkh hvwlpdwlrq surfhgxuh1
Wkhuh duh wkuhh w|shv ri hgxfdwlrq vhuylfhv rqh fdq uhfhlyh1 Rqh fdq uhfhlyh
hgxfdwlrq dw krph derxw MDXQW srolflhv +KRPHGR dqg KRPHGQ,1 Rqh fdq
uhfhlyh hgxfdwlrq dw rqh*v ghvwlqdwlrq +GVWHGR dqg GVWHGQ,> wklv lv xvxdoo|
dw zrun vlwhv wkdw kluh pdq| glvdeohg shrsoh vxfk dv Zrunvrxufh dqg Ylujlqld
Lqgxvwulhv iru wkh Eolqg1 Ilqdoo|/ rqh fdq uhfhlyh d pdlolqj zlwk lqirupdwlrq derxw
MDXQW srolflhv +PDLOR dqg PDLOQ,1 Zh frqvwuxfw dqrwkhu vhw ri yduldeohv/
DQ\VUYR dqg DQ\VUYQ/ zklfk phdvxuhv li dq| hgxfdwlrq vhuylfh zdv uhfhlyhg1
71 Hfrqrphwulf Phwkrgv
7141 Hfrqrphwulf Phwkrgv iru Wulsv
Wkh edvlf prgho iru wulsv lv d frxqw gdwd prgho dv ghvfulehg lq Kdxvpdq/ Kdoo/
dqg Julolfkhv +4<;7,1 Wkh qxpehu ri wulsv lq prqwk w iru shuvrq l/ |￿|/l vp r g h o h g
dv d Srlvvrq udqgrp yduldeoh zlwk phdq Ł￿|1W k horj phdq lv vshfl?hg dv
orjŁ￿| @ ]￿￿ . [￿|æ . x￿ +714,
zkhuh ]￿ lv d vhw ri revhuyhg h{sodqdwru| yduldeohv wkdw gr qrw ydu| ryhu wlph/
[￿| lv d vhw ri revhuyhg h{sodqdwru| yduldeohv wkdw gr ydu| ryhu wlph/ dqg x￿ lv dq
xqrevhuyhg/ shuvrq0vshfl?f yduldeoh1 Wkh hgxfdwlrq vhuylfh yduldeohv dqg prqwk
gxpplhv duh fdswxuhg lq [￿|> rwkhu h{sodqdwru| yduldeohv duh fdswxuhg lq ]￿1
Ohw |￿ @+ |￿￿>| ￿2>==>|￿A,
￿ 43 dqg º eh wkh vhw ri sdudphwhuv wr hvwlpdwh1 Li x￿ lv
wuhdwhg dv d udqgrp h>hfw zlwk d Jdppd+￿>￿, glvwulexwlrq/ wkhq wkh olnholkrrg
frqwulexwlrq iru revhuydwlrq l lv
Oo

















43Hyhq wkrxjk wkhuh duh vrph revhuydwlrqv ￿ z k h u hw k hl v v x hg d w hl vd ww l p h|:￿/z hd e v w u d f w
dzd| iurp wklv sureohp lq wklv vhfwlrq dqg dvvxph d edodqfhg sdqho1 Wkhuh duh qr gl!fxow





















| |￿| . ￿,
￿+￿,
zkhuh i +￿, lv wkh jdppd ghqvlw| ixqfwlrq/ ￿+￿, lv wkh jdppd ixqfwlrq/
orj h Ł￿| @ ]￿￿ . [￿|æ>
dqg º @+ ￿>æ>￿,1 Dowhuqdwlyho|/ li x￿ lv wuhdwhg dv d ?{hg h>hfw/ wkhq wkh
olnholkrrg frqwulexwlrq iru revhuydwlrq l lv pxowlqrpldo=
O
s













Qrwh wkdw º @ æ ehfdxvh ￿ lv qrw lghqwl?hg> lw fdqfhov rxw ri Ł￿|@
S
r Ł￿r1
Dq dgydqwdjh ri wkh udqgrp h>hfwv prgho lv wkdw rqh fdq hvwlpdwh wkh h>hfw
ri revhuydeoh yduldeohv wkdw duh frqvwdqw ryhu wlph ]￿1 Krzhyhu/ lw surylghv
lqfrqvlvwhqw hvwlpdwruv li/ lq idfw/ x￿ lv fruuhodwhg zlwk revhuydeohv/ zkloh wkh
?{hg h>hfw prgho dozd|v surylghv frqvlvwhqw hvwlpdwruv1





￿ +|￿ m º,
iru m @ u> i1 Wkh fryduldqfh pdwul{ ri wkh hvwlpdwhv fdq eh hvwlpdwhg xvlqj wkh
Ehuqgw/ Kdoo/ Kdoo/ dqg Kdxvpdq +4<:7, phwkrg1
7151 Hfrqrphwulf Phwkrgv iru Qr0Vkrzv
Wkh edvlf prgho iru qr0vkrzv lv d fruuhodwhg surelw prgho1 Ohw z￿| eh d elqdu|
lqglfdwru iru zkhwkhu d qr0vkrz rffxuuhg iru shuvrq l lq prqwk w1G h ?qh z￿ @
+z￿￿>z ￿2>==>z￿A,
￿1O h w zW
￿| eh wkh ydoxh wr shuvrq l ri plvvlqj d wudqvsruwdwlrq
dssrlqwphqw lq prqwk w/ ru/ lq rwkhu zrugv/ wkh surshqvlw| wr qrw vkrz/ dqg
prgho
zW
￿| @ ]￿￿ . [￿|￿ . h￿ . %￿| +716,
zkhuh ]￿ dqg [￿| duh revhuyhg yduldeohv dv ghvfulehg lq htxdwlrq +714,/ h￿ lv
d shuvrq0vshfl?fh >hfw dqdorjrxv wr x￿/d q g%￿| lv dq lglrv|qfudwlf h>hfw1 Lw lv





/d q g%￿| ￿ llgQ +3>4,144 D qr0vkrz rffxuv l>
zW
￿| A 3> z￿| @4+ zW





1 Wkhq wkh olnholkrrg frqwulexwlrq
iru revhuydwlrq l lv
O
R
￿ +z￿ m º,@
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|
ı+]￿￿ . [￿|￿ . h￿,




44W k hy d u l d q f hr i0￿| lv qrw lghqwl?hg dv lq doo surelw prghov1
:zkhuh ı+￿, lv wkh vwdqgdug qrupdo glvwulexwlrq ixqfwlrq dqg !+￿, lv lwv ghqvlw|1
Xqiruwxqdwho|/ wkhuh lv qr reylrxv ?{hg h>hfwv hvwlpdwru iru ￿1
7161 Hqgrjhqrxv Hgxfdwlrq Vhuylfhv
Rqh pljkw zdqw wr zruu| pruh derxw wkh hqgrjhqrxv qdwxuh ri hgxfdwlrq vhuylfhv1
Hgxfdwlrq vhuylfhv duh surylghg wr shrsoh zkr fdq eh surylghg vxfk vhuylfhv
fkhdso|45 ru h{klelw d kljk ghjuhh ri wuls xvdjh ru qr0vkrzv1 Frqvlghu htxdwlrq
+714, uhzulwwhq dv
orjŁ￿| @ ]￿￿ . [￿|æ . g￿|) . x￿ +717,
zkhuh g￿| lv d elqdu| lqglfdwru iru hgxfdwlrq vhuylfhv ehlqj uhfhlyhg lq prqwk w1
Ohw k+ +|￿| m x￿, eh wkh ghqvlw| ri |￿| frqglwlrqdo rq x￿ lpsolhg e| htxdwlrq +717,1
Vlploduo|/ uhzulwh htxdwlrq +716, dv
zW
￿| @ ]￿￿ . [￿|￿ . g￿|￿ . h￿ . %￿|= +718,
Ohw k￿ +z￿| m h￿, eh wkh ghqvlw| ri z￿| frqglwlrqdo rq h￿ lpsolhg e| htxdwlrq +718,1







|￿|3￿￿￿ . |￿|32￿2 . z￿|3￿Ø￿ . z￿|32Ø2 . ￿￿| A 3
+719,
dqg g￿| @3rwkhuzlvh zkhuh T￿| lv dq lqglfdwru iru zkhwkhu shuvrq l*v qxuvlqj
krph +li vkh lv lq rqh, uhfhlyhv vhuylfhv lq prqwk w dqg ￿￿| lv dq huuru1 Ohw
k_ +g￿| m g￿|3￿>T ￿|>| ￿|3￿>| ￿|32>z ￿|3￿>z ￿|32, eh wkh ghqvlw| ri z￿| frqglwlrqdo rq
g￿|3￿/ T￿|/ |￿|3￿/ |￿|32/ z￿|3￿/d q gz￿|32 lpsolhg e| htxdwlrq +719,1 Fohduo|/ g￿|
lv hqgrjhqrxv ehfdxvh lw lv fruuhodwhg zlwk wkh shuvrq0vshfl?fh >hfwv x￿ dqg h￿1
Wkh txhvwlrq lv zkhwkhu wkh hqgrjhqhlw| fdxvhv d sureohp1
Rqh fdq zulwh wkh mrlqw ghqvlw| iru l dv
]]\
|
k+ +|￿| m x￿,k￿ +z￿| m h￿, ￿




k_ +g￿| m g￿|3￿>T ￿|>| ￿|3￿>| ￿|32>z ￿|3￿>z ￿|32, ￿
]]\
|
k+ +|￿| m x￿,k￿ +z￿| m h￿,i +x￿>h ￿,gx￿gh￿=
45Surylglqj vhuylfhv fkhdso| uhtxluhv hfrqrplhv ri vfdoh1 Zh fdswxuh wkh h{lvwhqfh ri vxfk
hfrqrplhv e| frqglwlrqlqj rq olylqj lq d qxuvlqj krph zklfk lv rqh ri wkh ~￿ yduldeohv1
;Vlqfh wkh ghqvlw| lv vhsdudeoh zlwk uhvshfw sdudphwhuv dvvrfldwhg zlwk htxdwlrq
+719,/ wkhuh lv qr qhhg wr hvwlpdwh wkhp vlpxowdqhrxvo| zlwk wkh sdudphwhuv
dvvrfldwhg zlwk htxdwlrqv +717, dqg +718,1 Wkh fkdudfwhulvwlf ri wkh vshfl?fdwlrq
wkdw fdxvhv wklv wr rffxu lv wkdw g￿| lv lqghshqghqw ri x￿ dqg h￿ rqfh rqh kdv
frqglwlrqhg rq g￿|3￿/ T￿|/ |￿|3￿/ |￿|32/ z￿|3￿/d q gz￿|321
81 Hvwlpdwlrq Uhvxowv
8141 Hvwlpdwhv iru Wulsv
Uhvxowv iru wuls sdudphwhu hvwlpdwhv duh lq Wdeohv 6 dqg 71 Wdeoh 6 surylghv
hvwlpdwhv edvhg rq wkh udqgrp h>hfwv prgho1 Rwkhu wkdq ￿ +GHOWD,/ wkh uhvxowv
fdq eh lqwhusuhwhg dv wkh fkdqjh lq wkh orj wuls udwh zkhq wkh uhohydqw h{sodqdwru|
yduldeoh lqfuhdvhv e| rqh1 Iru h{dpsoh/ wkh frh!flhqw rq DJH lq wkh ?uvw froxpq
phdqv wkdw hdfk |hdu wkdw d shuvrq djhv +kroglqj rwkhu yduldeohv frqvwdqw,/ khu
wuls udwh ghfuhdvhv e| 417(1 Wkh uhvxowv vxjjhvw wkdw DJH/ QRQDPE/ PREDLG
dqg vrph glvdeolqj frqglwlrqv +DUDPLQ/ SXOPRQ, uhgxfh wulsv/ zkloh kdylqj
d VLJKW sureohp ru ehlqj phqwdoo| uhwdughg +PHQUHW, lqfuhdvh wulsv1 Wkh
odwwhu uhvxow rffxuv suredeo| ehfdxvh ri h>hfwlyh orfdo surjudpv iru eolqg +Ylujlqld
Lqgxvwulhv iru wkh Eolqg, dqg phqwdoo| uhwdughg +Zrunvrxufh/ Uhjlrq Whq, shrsoh1
Shrsoh lq qxuvlqj krphv wdnh vljql?fdqwo| ihzhu wulsv1 Wklv vxjjhvwv wkdw wkh
ehqh?wv dvvrfldwhg zlwk vshqglqj hgxfdwlrq uhvrxufhv rq shrsoh lq qxuvlqj krphv
duh vpdoo1
Wkh prqwk gxpplhv jhqhudoo| ghfolqh dv wkh zlqwhu dssurdfkhv dqg wkhq
lqfuhdvh djdlq lq wkh vsulqj1 Wkh hvwlpdwhg uhjuhvvlrq olqh lqfoxglqj d frqvwdqw/
wlph/ dqg wlph vtxduhg46 lv
e æ| @3 =367: ￿ 3=3887w .3 =3373<w2 .h|
+3=365, +3=347, +3=334,
U2 @3 =:36=
Wkh pdmru h>hfw lv wkh vhdvrqdo +zlqwhu, h>hfw1 Exw wkhuh lv vrph grzqzdug
wuhqg lq wulsv lq wkdw wkh suhglfwhg ghfuhdvh lq wulsv shu shuvrq lq Pd| 4<<;
uhodwlyh wr Pd| 4<<: +kroglqj rwkhu yduldeohv frqvwdqw, lv :19(1
Wkh prvw lpsruwdqw uhvxowv lq wklv sdshu duh wkh hvwlpdwhv iru wkh h>hfw ri
hgxfdwlrq vhuylfhv1 Wkh uhvxowv vxjjhvw wkdw/ lq wkh prqwk lpphgldwho| iroorzlqj
dq| vhuylfh/ wulsv lqfuhdvh e| 913(47/ exw lq vxevhtxhqw prqwkv/ wkh orqj uxq
46Rfwrehu 4<<: lv h{foxghg ehfdxvh lw lv dq rxwolhu1
47Wklv DQ\VUYQ . DQ\VUYR= 4418( 0 818(1
<h>hfw lv d uhgxfwlrq lq wulsv e| 818(1 Wklv vxjjhvwv wkdw/ ryhudoo/ wkh surjudp lv
h>hfwlyh lq uhgxflqj wulsv1
Wkh vhfrqg froxpq ri hvwlpdwhv glvdjjuhjdwhv hgxfdwlrq vhuylfhv lqwr vhuylfhv
uhfhlyhg dw krph +KRPHGR dqg KRPHGQ,/ vhuylfhv uhfhlyhg dw wkh ghvwlqdwlrq
+GVWHGR dqg GVWHGQ,/ dqg pdlolqjv +PDLOR dqg PDLOQ,1 Wkh hvwlpdwhv
dvvrfldwhg zlwk rwkhu yduldeohv duh txlwh urexvw zlwk uhvshfw wr zkhwkhu wkh glv0
djjuhjdwhg vhuylfh yduldeohv duh xvhg ru DQ\VUYR dqg DQ\VUYQ duh xvhg1
W k hv h u y l f hy d u l d e o hh v w l p d w h vv x j j h v ww k d ww k hr q o |h >hfwlyh orqj uxq vhuylfh lv
krph hgxfdwlrq1 Iru wkdw vhuylfh/ orqj uxq ghpdqg uhgxfhv e| 5618(148 Rwkhu
vhuylfhv pd| eh lqh{shqvlyh wr surylgh exw kdyh qr vljql?fdqw h>hfw rq orqj uxq
ghpdqg1
Dv l j q l ?fdqw sduw ri wkh h>hfw ri KRPHGR lv vrph shrsoh zkr uhfhlyh
KRPHGR vwrs xvlqj MDXQW dowrjhwkhu vrrq diwhu wkh vhuylfh uhfhlsw1 Wklv
l vv k r z ql qW d e o h7 1 W k h?uvw 3sursruwlrq4 uhsruwv wkh sursruwlrq ri shrsoh uh0
fhlylqj krph hgxfdwlrq vhuylfhv/ glvdjjuhjdwhg e| uhvlghqfh/ zkr vwrsshg xvlqj
MDXQW +glvdvvrfldwhg wkhpvhoyhv iurp MDXQW, wkh vshfl?hg qxpehu ri prqwkv
diwhu uhfhlylqj wkh hgxfdwlrq vhuylfh1 Rqh pxvw frpsduh wklv wr d frqwuro jurxs
ri shrsoh zkr glg qrw uhfhlyh hgxfdwlrq vhuylfhv1 Sursruwlrqv duh surylghg lq wkh
odvw froxpq xvlqj Rfwrehu 4<<: dv wkh frxqwhuidfwxdo uhfhlsw gdwh ehfdxvh doprvw
hyhu|rqh zkr uhfhlyhg krph hgxfdwlrq uhfhlyhg lw ehwzhhq Dxjxvw dqg Rfwrehu
4<<:1 Rqh fdq vhh lq wkdw odvw froxpq wkdw wkhuh lv d vljql?fdqw dprxqw ri glvdv0
vrfldwlrq iurp MDXQW1 Iru h{dpsoh 518( ri wkh frppxqlw| vdpsoh dqg 81:( ri
wkh qxuvlqj krph vdpsoh qhyhu wrrn dqrwkhu wuls +gxulqj wkh vdpsoh shulrg, rqh
prqwk diwhu Rfwrehu 4<<: +wklv ohdyhv vl{ prqwkv lq wkh vdpsoh,1 Pxfk ri wklv lv
gxh wr vdpsoh wuxqfdwlrq> vrph ri lw lv gxh wr ghdwk1 Krzhyhu/ wkh sursruwlrqv
iru vxevdpsoh zkr uhfhlyhg krph hgxfdwlrq duh pxfk kljkhu +h1j1/ frpsduh ;13(
dqg 5813( wr 518( dqg 81:( lq wkh ?uvw prqwk,1
Rqh pljkw zruu| wkdw x￿ lq htxdwlrq +714, lv fruuhodwhg zlwk vrph ri wkh
h{sodqdwru| yduldeohv/ lq sduwlfxodu/ wkh hgxfdwlrq vhuylfh yduldeohv1 Rqh fdq
dgmxvw iru wklv sureohp e| xvlqj wkh ?{hg h>hfwv phwkrg ghvfulehg lq htxdwlrq
+715,1 Wdeoh 8 surylghv sdudphwhu hvwlpdwhv iru wkh ?{hg h>hfwv prgho1 Qrwh
wkdw wkh hvwlpdwhv iru wkh hgxfdwlrq vhuylfh yduldeohv duh yhu| vlplodu wr wkrvh
iurp wkh udqgrp h>hfwv prgho1 Wklv vxjjhvwv wkdw x￿ lv qrw fruuhodwhg zlwk dq|
ri wkh h{sodqdwru| yduldeohv1
Rqh fdq wdnh wkh sdudphwhu hvwlpdwhv iurp wkh ?u v wf r o x p qr iW d e o h6 /d q g /
xvlqj wkh vdpsoh/ frpsxwh wkh uhgxfwlrq lq wulsv wkdw zrxog rffxu li hyhu|rqh
uhfhlyhg vrph hgxfdwlrq vhuylfh +DQ\VUYR@4, uhodwlyh wr d vlwxdwlrq zkhuh qr
48￿ 3 e%Rt3fØ2SH￿ ’f Ø2￿D





^Ł+]￿>[ ￿|>g ￿| @4 ,￿ Ł+]￿>[ ￿|>g ￿| @3 , ‘gJ+]￿>[ ￿|,
zkhuh Ł+]￿>[ ￿|>g ￿| @4 ,dqg Ł+]￿>[ ￿|>g ￿| @3 ,d u hw k hS r l v v r qw u l su d w h vf r q 0
glwlrqdo rq ]￿/ [￿|/d q gg￿| dv gh?qhg lq htxdwlrq +717, dqg J+]￿>[ ￿|, lv wkh
mrlqw glvwulexwlrq ri ]￿ dqg [￿| dv hvwlpdwhg e| wkh vdpsoh1 Krzhyhu/ uhfhlsw
ri hgxfdwlrq vhuylfhv zloo kdyh gl>huhqw h>hfwv rq gl>huhqw shrsoh1 Vr/ wr wkh





^Ł+]￿>[ ￿|>g ￿| @4 ,￿ Ł+]￿>[ ￿|>g ￿| @3 , ‘g￿| +]￿>[ ￿|,gJ+]￿>[ ￿|,
zkhuh g￿| +]￿>[ ￿|, ghwhuplqhv zkhwkhu hgxfdwlrq vhuylfhv zhuh dfwxdoo| uhfhlyhg1
Rqh ?qgv wkh uhgxfwlrq lq wulsv shu prqwk shu shuvrq iru wkrvh zkr uhfhlyhg
vhuylfhv lv 315< dyhudjhg ryhu 6;4 shrsoh1 Vlploduo| wkh uhgxfwlrq lq wulsv shu
prqwk shu shuvrq iru wkrvh zkr uhfhlyhg krph hgxfdwlrq vhuylfhv vshfl?fdoo| lv
4174 dyhudjhg ryhu 574 shrsoh1
8151 Hvwlpdwhv iru Qr0Vkrzv
Wkh uhvxowv iru wkh h>hfw ri hgxfdwlrq vhuylfhv rq qr0vkrzv duh uhsruwhg lq Wdeoh
91 Wkh lqwhusuhwdwlrq ri hvwlpdwhv lv wkh h>h f wr id ql q f u h d v hl qh d f ky d u l d e o h /
kroglqj doo rwkhu yduldeohv frqvwdqw/ rq wkh surshqvlw| wr qrw vkrz zW
￿|1I r u
h{dpsoh/ wkh frh!flhqw rq DJH phdqv wkdw wkh surshqvlw| wr qrw vkrz ghfuhdvhv
e| 414( iru hyhu| |hdu wkh shuvrq djhv/ kroglqj rwkhu yduldeohv frqvwdqw1 Wkh
h>hfw ri DJH rq wkh suredelolw| ri d qr0vkrz ghshqgv xsrq wkh ydoxh ri wkh rwkhu
h{sodqdwru| yduldeohv1 Wkh vpdoo qxpehu ri vljql?fdqw hvwlpdwhv vxjjhvwv wkdw
lw lv pruh gl!fxow wr h{sodlq qr0vkrzv wkdq wulsv1 Lq sduwlfxodu/ wkh hgxfdwlrq
vhuylfh yduldeoh hvwlpdwhv +DQ\VUYR dqg DQ\VUYQ, vxjjhvw wkdw hgxfdwlrq
vhuylfhv pdnhv rqh pruh olnho| wr qr0vkrz1 Lq sduwlfxodu wkh| vxjjhvw wkdw qr0
vkrz suredelolwlhv lqfuhdvh e| dq dyhudjh ri 316( lq wkh orqj uxq zlwk d vwdqgdug
ghyldwlrq ri 314(1
Sduw ri wkh uhdvrq iru wklv lv wkdw MDXQW lv vwulfwhu derxw surpswqhvv +dqg
wkhuhiruh pruh olnho| wr ghfoduh d qr0vkrz, iru vrphrqh zkr kdv uhfhlyhg hgxfd0
wlrq vhuylfhv wkdq iru vrphrqh zkr kdv qrw1 Exw wkh odfn ri vljql?fdqfh ri prvw ri
wkh rwkhu h{sodqdwru| yduldeohv vxjjhvwv wkdw sduw ri wkh uhdvrq lv wkdw qr0vkrzv
duh vrphzkdw udqgrp hyhqwv qrw h{sodlqhg e| folhqw fkdudfwhulvwlfv1 Krzhyhu/
lw lv zruwk qrwlqj wkdw wkh frh!flhqw rq QXUVKP lv hvvhqwldoo| }hur ghvslwh wkh
dqhfgrwhv derxw qxuvlqj krph shuvrqqho ehlqj lqvhqvlwlyh wr wkh vfkhgxolqj qhhgv
ri MDXQW1
448161 Rwkhu Hylghqfh
Rqh ri wkh jrdov ri wkh hgxfdwlrq surjudp zdv wr uhgxfh wkh qxpehu ri wulsv
uhtxlulqj GWG vhuylfh1 Wkhuh lv qr lqirupdwlrq lq rxu gdwd dgguhvvlqj wklv
lvvxh149 Qhyhuwkhohvv/ wzr vpdoo gulyhu vxuyh|v zhuh shuiruphg wkdw vkhg vrph
oljkw rq wklv lvvxh1 Rq Mxo| 6/ 4<<:/ dw wkh vwduw ri wkh surjudp/ wkh MDXQW
gulyhuv zhuh dvnhg wr hydoxdwh hdfk wuls dqg glvwlqjxlvk wulsv uhtxlulqj GWG
vhuylfh iurp wkrvh uhtxlulqj rqo| FWF vhuylfh1 Wkh uhvxowv/ edvhg rq d vdpsoh ri
738 wulsv +93( ri wrwdo wulsv,/ vkrzhg wkdw dssur{lpdwho| 7<( ri MDXQW*v gdlo|
wulsv lqfoxghg GWG vhuylfh1 Rq Ghfhpehu 44/ vl{ prqwkv lqwr wkh surjudp/
wkh gulyhuv zhuh djdlq dvnhg wr glvwlqjxlvk ehwzhhq GWG dqg FWF wulsv1 Iru
wklv gd|/ wkh uhvxowv/ edvhg rq vdpsoh ri 799 wulsv +85( ri wrwdo wulsv,/ lqglfdwhg
wkdw rqo| 5;( ri MDXQW*v wulsv uhtxluhg wudqvsruwlqj sdvvhqjhuv GWG1 Wklv
uhsuhvhqwv d 76( uhgxfwlrq lq GWG wulsv1
MDXQW revhuyhg d ghfuhdvh lq wlph shu sdvvhqjhu wuls ehwzhhq I\<92<: +167
krxuv2wuls, dqg I\<:2<; +166 krxuv2wuls,1 Ohw )S| eh wkh dyhudjh dprxqw ri wlph
iru d FWF ghpdqg uhvsrqvh wuls lq |hdu w dqg )_| wkh dyhudjh dprxqw ri wlph iru
d GWG ghpdqg uhvsrqvh wuls lq |hdu w1 Wkhq/
=7<)_| . =84)S| @ =67>
=5;)_| . =:5)S| @ =66
zklfk lpsolhv wkdw )_| ￿ )S| @ =34@=54 @ =37; krxuv1 Wkxv/ wkh wlph vdylqjv ri
d FWF wuls uhodwlyh wr d GWG wuls lv 5=;; plqxwhv1 MDXQW hvwlpdwhv lw wr eh
dssur{lpdwho| irxu plqxwhv +’41<: shu wuls,1 Wkhuh duh wkuhh vrxufhv ri gl>huhqfh=
d, Wkhuh duh rwkhu wuls w|shv lqfoxghg lq wkh djjuhjdwh gl>huhqfhv +h1j1/ djhqf|
wulsv,> e, MDXQW phdvxuhv wlphv lq ?yh plqxwh lqwhuydov +wklv d>hfwv erwk vrxufhv
ri lqirupdwlrq,> dqg f, MDXQW*v ?yh plqxwh hvwlpdwh lv d yhu| urxjk hvwlpdwh1
Qhyhuwkhohvv/ wkh wzr vrxufhv ri lqirupdwlrq surylgh uhodwlyho| vlplodu lqirupdwlrq
vxjjhvwlqj prghudwh vdylqjv dvvrfldwhg zlwk prylqj shrsoh iurp GWG wr FWF
vhuylfh1
Wkhuh lv qr lqirupdwlrq lq rxu gdwd derxw dfflghqwv fdxvhg e| fkdqjhv iurp
GWG wr FWF vhuylfh1 Krzhyhu/ Wdeoh : surylghv djjuhjdwh sdvvhqjhu dfflghqw
udwh gdwd wr dssur{lpdwh dq| vxfk frvwv14: Lq wkh shulrg 452<80;2<9 +ehiruh
hgxfdwlrq vhuylfhv zhuh r>huhg,/ wkhuh zdv rqh sdvvhqjhu dfflghqw rxw ri 494/75;
wulsv1 Lq wkh shulrg 452<:0;2<; +diwhu hgxfdwlrq vhuylfhv zhuh r>huhg,/ wkhuh
49Wkhuh lv lqirupdwlrq rq wkh wlph vshqw rq hdfk wuls1 Exw wlph lv doorfdwhg wr wulsv lq vxfk
d zd| vr wkdw wkh lqirupdwlrq lv ri qr ydoxh1
4:D sdvvhqjhu dfflghqw lv rqh wkdw rffxuv wr wkh sdvvhqjhu lq wkh surfhvv ri jhwwlqj rq ru r>
wkh yhklfoh1
45zdv rqh sdvvhqjhu dfflghqw rxw ri 4;3/54; wulsv1 Wkhvh uhvxowv vxjjhvw wkdw wkh
pryhphqw iurp GWG wr FWF wulsv kdg qr h>hfw rq sdvvhqjhu dfflghqw udwhv1
91 Frvwv dqg Ehqh?wv
Wkh ydoxh ri wkh surjudp frqvlvwv ri lwv ehqh?wv plqxv lwv frvwv1 Wkh srwhqwldo
ehqh?wv duh uhgxfwlrqv lq wulsv wkdw frxog kdyh rffxuuhg rq wkh flw| ?{hg0urxwh
v|vwhp/ uhgxfwlrqv lq qr0vkrzv/ dqg uhgxfwlrq lq xqqhfhvvdu| GWG vhuylfh1 Wkh
frvwv duh wkh uhohydqw sduwv ri wkh sdvvhqjhu hgxfdwru*v vdodu|/ wkh ydoxh ri wulsv
qrw wdnhq/ dqg wkh frvw ri dq| ulvn ri lqmxu| dvvrfldwhg zlwk GWG wulsv ehfrplqj
FWF wulsv1 Hdfk ri wkhvh lv glvfxvvhg lq pruh ghwdlo ehorz1
9141 Ehqh?wv
Krz rqh hydoxdwhv ehqh?wv ghshqgv fulwlfdoo| rq d, dq dvvxpswlrq ri wkh pl{ ri
hgxfdwlrq vhuylfhv surylghg/ e, dq dvvxpswlrq derxw wkh h>hfwlyhqhvv ri surjudpv
dfurvv wkh srsxodwlrq ri MDXQW ulghuv/ f, wkh h{shfwhg gxudwlrq ri hgxfdwlrq
h>hfwv/ dqg g, wkh ydoxh wr wkh sdvvhqjhu ri wulsv qr orqjhu wdnhq rq MDXQW1 Iru
dvvxpswlrq +d,/ rqh pljkw dvvxph wkdw rqo| krph hgxfdwlrq lv ri dq| ydoxh/ dqg/
lq ixwxuh |hduv/ lw zrxog eh wkh rqo| vhuylfh surylghg1 Dowhuqdwlyho|/ rqh pljkw
dvvxph wkdw/ hyhq wkrxjk ghvwlqdwlrq hgxfdwlrq dqg pdlolqjv kdg qr revhuyhg
srvlwlyh h>hfw/ wkh| duh qhfhvvdu| iru wkh hgxfdwlrq surjudp wr zrun dv d zkroh1
Iru dvvxpswlrq +e,/ rqh pljkw dvvxph wkdw wkh sdvvhqjhu hgxfdwru fkrvh shrsoh
iru vhuylfh zkhuh wkhuh zhuh vljql?fdqw srwhqwldo jdlqv1 Dowhuqdwlyho|/ rqh pljkw
dvvxph wkdw wkh surjudp kdv htxdo srwhqwldo h>hfwv +lq d sursruwlrqdo vhqvh,
rq doo sdvvhqjhuv14; Ilqdoo|/ rqh pljkw dvvxph wkdw rqo| qhz sdvvhqjhuv zloo
uhfhlyh hgxfdwlrq vhuylfhv lq wkh ixwxuh1 Iru dvvxpswlrq +f,/ zh dvvxph wkdw
hgxfdwlrq h>hfwv odvw iru wzr |hduv dqg iru irxu |hduv1 Wzr |hduv pd| eh d
uhdvrqdeoh dvvxpswlrq iru sdvvhqjhuv xvhg wr MDXQW vhuylfh sulru wr sdvvhqjhu
hgxfdwlrq/ dqg irxu |hduv pd| eh d ehwwhu dvvxpswlrq iru qhz sdvvhqjhuv zkr/
iru wkh prvw sduw/ vkrxog qhyhu jhw xvhg wr xvlqj MDXQW lq zd|v lqfrqvlvwhqw
zlwk wkh sdvvhqjhu hgxfdwlrq1 Zh dvvxph wkdw wkh glvfrxqw udwh lv 8(1
Wdeoh ; surylghv d vxppdu| ri MDXQW vdylqjv dvvrfldwhg zlwk uhgxfhg wulsv
xqghu d qxpehu ri srvvleoh frpelqdwlrqv ri dvvxpswlrqv +d,/ +e,/ dqg +f,1 Wkh
dqqxdo vdylqjv +lq wkh ?uvw froxpq, duh edvhg rq wkh hvwlpdwhv lq Wdeoh 6 dqg
wkh frvw ri dq dyhudjh xuedq wuls/ ’4315:1 Vxevhtxhqw froxpqv xvh d 8( dqqxdo
glvfrxqw udwh1 Rqh fdq vhh wkdw vdylqjv duh txlwh vhqvlwlyh wr dvvxpswlrqv pdgh
4;Lq idfw/ shrsoh zhuh fkrvhq iru krph hgxfdwlrq vhuylfhv zkr zhuh ylhzhg wr eh dexvlqj wkh
uxohv1
46derxw wkh pl{ ri vhuylfhv surylghg dqg wkh qxpehu ri sdvvhqjhuv zkr zloo ehqh?w1
Exw hyhq xqghu wkh prghvw dvvxpswlrq ri d olplwhg surjudp wkdw qhhgv wkh
fxuuhqw pl{ ri vhuylfhv/ wkh vdylqjv duh zruwk ’46/94; shu |hdu1 Li wkh hgxfdwlrq
vhuylfhv duh surylghg rqo| wr qhz sdvvhqjhuv/ wkhq wkh dqqxdo vdylqjv duh zruwk
’44/<;61 Wkh wrwdo ydoxh ri wkhvh ghshqg rq krz pdq| |hduv wkh vhuylfh phvvdjh
lv h>hfwlyh1
L qr u g h uw rg h u l y hw k heh q h ?w ri uhgxfhg wulsv/ rqh vkrxog vxewudfw iurp vdylqjv
wkh ydoxh ri wkh uhgxfhg wudqvsruwdwlrq vhuylfh1 Wklv lv gl!fxow wr phdvxuh
ehfdxvh d, zh gr qrw nqrz zkdw kdsshqv wr wkh wulsv wkdw glvdsshdu ehfdxvh
ri wkh hgxfdwlrq vhuylfh dqg e, zh gr qrw nqrz hqrxjk derxw zkr lv qr orqjhu
xvlqj GWG vhuylfh1 Dq xsshu erxqg rq wkh ydoxh ri uhgxfhg wulsv lv wkh frvw ri
wdnlqj wkrvh wulsv zlwk dqrwkhu prgh ri wudqvsruwdwlrq1 Hvwlpdwhv lq Vwhuq +4<<6/
Wdeoh 7, vxjjhvw wkdw wkh prvw olnho| dowhuqdwlyh prgh ri wudqvsruwdwlrq zloo eh
vrphrqh hovh gulylqj wkh sdvvhqjhu dqg wkdw wkh dyhudjh xuedq sdvvhqjhu zrxog
eh zloolqj wr sd| ’413< wr xvh MDXQW udwkhu wkdq eh gulyhq e| vrphrqh hovh14<
Dq lpsruwdqw lvvxh lq lqwhusuhwlqj wklv uhvxow lv zkhwkhu sdvvhqjhuv lqwhuqdol}h
wkh frvw wr d srwhqwldo gulyhu zkhq phdvxulqj wkh ydoxh ri MDXQW dqg ehlqj
gulyhq1 Li wkh sdvvhqjhu grhv qrw lqwhuqdol}h wkh gulyhu*v frvw dqg fdq ghpdqg
d ulgh iurp wkh gulyhu zkhq ghvluhg/ wkhq zh qhhg wr dgg wkh frvw wr wkh gulyhu
lq ghwhuplqlqj d vrflhwdo frvw ri uhgxfhg wulsv1 Dowhuqdwlyho|/ li wkh sdvvhqjhu
grhv lqwhuqdol}h wkh gulyhu*v frvw ru wkh gulyhu fdq ghfolqh wr surylgh d ulgh zkhq
wkh frvw lv wrr kljk/ wkhq wkh hvwlpdwh iurp Vwhuq +4<<6, lv wkh vrflhwdo frvw1 D
uhdvrqdeoh hvwlpdwh ri wkh frvw iru wkh gulyhu lv ’4158 +8 plohv iru dq dyhudjh wuls
wlphv ’1582plohv, soxv ’7163 +wkh dyhudjh krxuo| zdjh lq Fkduorwwhvylooh wlphv
3166 krxuv iru d rqh0zd| wuls,153 Wkxv wkh wrwdo vrflhwdo frvw ri d wuls wdnhq rq
vrph rwkhu prgh pd| eh dv kljk dv ’413< . ’4158 . 7163 @ ’9197 +li wkh gulyhu*v
frvwv duh qrw lqwhuqdol}hg e| wkh sdvvhqjhu, ru dv orz dv ’413< +li wkh gulyhu*v
frvwv duh frpsohwho| lqwhuqdol}hg e| wkh sdvvhqjhu,154 Rq wkh rwkhu kdqg/ li
shrsoh duh vwloo wdnlqj wulsv exw xvlqj pruh h!flhqw phwkrgv +h1j1/ xvlqj exvhv
zkhq dydlodeoh dqg ihdvleoh,/ wkhq wkh frvw pd| eh pxfk orzhu1 Wkhuh lv qr
gdwd wkdw fdq surylgh pruh oljkw rq wklv lvvxh1 Krzhyhu wkh pdjqlwxgh ri wklv
h>hfw lv txlwh odujh1 Li rqh irfxvhv rq sduwldo fryhudjh zlwk wkh fxuuhqw pl{
ri surjudpv zkhuh wkh dqqxdo vdylqjv dvvrfldwhg zlwk uhgxfhg wulsv lv ’46/94;/
wkhq wkh qhw ehqh?w lv ’46/94; li rqh ljqruhv wkh ydoxh ri wkh uhgxfhg wulsv wr
4<Vhh Dsshqgl{ F1
53Wklv pd| eh eldvhg xszdugv li wkhuh lv vhohfwlrq lq zkr surylghv ulghv iru shrsoh zlwk
glvdelolwlhv1
54Vwhuq*v zlih lv glvdeohg1 Klv h{shulhqfh lv wkdw klv zlih grhv lqwhuqdol}h klv frvw wr d juhdw
ghjuhh dqg wkdw kh kdv wkh rswlrq wr ghfolqh surylglqj d ulgh1 Wklv vxjjhvwv wkdw wkh hvwlpdwhv
lq Vwhuq +4<<6, duh forvh wr wkh vrflhwdo frvw1
47wkh sdvvhqjhu/ ’45/4:6 li rqh wdnhv lw lqwr dffrxqw dqg dvvxphv wkdw sdvvhqjhuv
lqwhuqdol}h gulyhu*v frvwv/ dqg ’7/;46 li rqh wdnhv lw lqwr dffrxqw dqg dvvxphv
wkdw sdvvhqjhuv gr qrw lqwhuqdol}h gulyhu*v frvwv1 Rxu ehvw hvwlpdwh ri wkh wuxh
ehqh?w lv vrphzkhuh ehwzhhq ’46/94; dqg ’45/4:6 ehfdxvh wkh hgxfdwlrq surjudp
lv dlphg wrzdugv uhgxflqj wulsv iru wkrvh zkr fdq vxevwlwxwh exvhv iru MDXQW
dw olwwoh shqdow| wr wkh sdvvhqjhu1 Wr wkh ghjuhh wklv lv vxffhvvixo/ wkh ehqh?wl v
forvhu wr ’46/94; udwkhu wkdq ’45/4:61
Wkhuh duh qr ehqh?wv zlwk uhvshfw wr uhgxfhg qr0vkrzv ehfdxvh wkh surjudp
kdv qr revhuydeoh h>hfw rq qr0vkrzv1 Dv zdv glvfxvvhg hduolhu/ wklv pd| eh
fdxvhg e| wkh gh?qlwlrq ri qr0vkrzv ghshqglqj xsrq hgxfdwlrq uhfhlsw1
Wkh wklug vrxufh ri ehqh?wv lv vdylqjv gxh wr ihzhu GWG wulsv1 Xvlqj
MDXQW*v vxuyh| hvwlpdwhv dqg lwv hvwlpdwh wkdw wkh wlph gl>huhqwldo ehwzhhq
GWG dqg FWF wulsv lv dssur{lpdwho| irxu plqxwhv/ wkh dqqxdo ehqh?wl vw k hf r v w
vdylqjv shu wuls +’41<:, wlph wkh uhgxfwlrq lq GWG wulsv +3154, wlphv wkh qxpehu
ri wulsv +:6/483,> wklv lv htxdo wr ’63/595 shu |hdu1 Li wklv ehqh?w lv uhdol}hg iru
wzr |hduv/ lwv ydoxh lv ’8</344/ dqg ryhu 7 |hduv/ lwv ydoxh lv ’445/5:51
Dvvxplqj prghudwh surjudp h>hfwv odvwlqj iru wzr |hduv/ wkh orqj0whup ehq0
h?w ri wkh surjudp lv wkhq vrphzkhuh ehwzhhq ’</6;9 dqg ’59/888 iru uhgxfhg
wulsv +ghshqglqj rq krz rqh ydoxhv uhgxfhg wulsv iru wkh sdvvhqjhu, dqg ’8</344
iru uhgxfhg GWG wulsv1 Wkhuh pd| eh vrph ehqh?w dvvrfldwhg zlwk uhgxfhg qr
vkrzv lq ixwxuh |hduv wkdw zh fdq qrw phdvxuh1
9151 Frvwv
W k hv d p hl v v x h vw k d wd s s o l h gw re h q h ?wv dsso| wr frvwv1 Wkh sdvvhqjhu hgxfdwru
vshqw ’9/:33 ri klv vdodu| rq krph hgxfdwlrq/ ’8/8<3 rq ghvwlqdwlrq hgxfdwlrq/
dqg ’5/573 rq pdlolqjv1 Rwkhu frvwv/ lqfoxglqj iulqjh ehqh?wv/ wudyho/ dqg pdlolqj
frvwv/ duh dssur{lpdwho| ’5/8331 Wkhvh duh wkh dssursuldwh gluhfw frvwv li zh zdqw
wr uhsolfdwh wkh h{lvwlqj surjudp1 Exw h{whqglqj hgxfdwlrq vhuylfhv wr doo shrsoh
uhtxluhv h{wud uhvrxufhv1 Wdeoh < surylghv lqirupdwlrq rq gluhfw frvwv1
Frvwv dvvrfldwhg zlwk lqfuhdvhg ulvn iru FWF wudyho duh yhu| vpdoo jlyhq wkh
dfflghqw gdwd lq Wdeoh :1 Wkxv/ wkh| gr qrw qhhg wr eh lqfoxghg khuh1
9161 Qhw Ehqh?wv
Qhw ehqh?w vd u hu h s r u w h gi r udq x p e h ur ig l >huhqw frpelqdwlrqv lq Wdeoh 431 Iru
uhgxfhg wulsv/ wkh fuxfldo lvvxh lv krz rqh dffrxqwv iru wkh ydoxh ri wulsv qrw wdnhq1
Rq wkh rwkhu kdqg/ uhgxfhg GWG wulsv lq idyru ri FWF wulsv xqdpeljxrxvo| kdv
d odujh/ srvlwlyh ehqh?w1 Qhw ehqh?wv +ehqh?wv plqxv frvwv, duh srvlwlyh xqghu
doo dvvxpswlrqv exw prvwo| ehfdxvh ri wkh odujh ehqh?w dvvrfldwhg zlwk uhgxfhg
48GWG wulsv1 Wkh ehqh?w dvvrfldwhg zlwk uhgxfhg GWG wulsv lq idyru ri FWF
wulsv dorqh pdgh wkh hgxfdwlrq surjudp ehqh?fldo1 Krzhyhu/ hydoxdwlrq ri wkh
ehqh?wv ri uhgxfhg wulsv lv ghshqgv xsrq wrr pdq| xquhvroyhg lvvxhv1 E| idu wkh
prvw lpsruwdqw uhtxluhv kdylqj pruh lqirupdwlrq derxw krz sdvvhqjhuv dgmxvwhg
wr uhgxfhg MDXQW wulsv1
:1 Dsshqgl{ D= Xvlqj Vhfwlrq 48 Gdwd
Wkh Vhfwlrq 48 gdwd surylghv lqirupdwlrq rq pdq| ydulrxv dvshfwv ri sxeolf wudqv0
sruwdwlrq v|vwhpv dfurvv wkh Xqlwhg Vwdwhv1 Zh kdyh dffhvv wr wkh |hduv 4<;7
wkurxjk 4<<8 dqg kdyh vwruhg lw dw zzz1shrsoh1ylujlqld1hgx2￿vqv8u2vhfw48vwi2vhfw481kwpo1
Zh uhvwulfw rxu dqdo|vlv wr ghpdqg uhvsrqvh v|vwhpv lq frppxqlwlhv zlwk qr pruh
wkdq 733/333 shrsoh dv phdvxuhg e| wkh 4<;3 SXPV Fhqvxv Gdwd +wklv lv dydlodeoh
dw wkh vdph zhe vlwh,1
Wkh nh| yduldeohv xvhg lq wklv dqdo|vlv duh d, qxpehu ri xqolqnhg ghpdqg
uhvsrqvh sdvvhqjhu wulsv/ e, uhyhqxhv iurp wkh ihghudo jryhuqphqw/ f, uhyhqxhv
iurp wkh vwdwh jryhuqphqw/ g, uhyhqxhv iurp wkh orfdo jryhuqphqw/ dqg h, uhy0
hqxhv iurp sulydwh vrxufhv1 Frqvwuxfwlqj wkhvh vhulhv lqyroyhv vrph djjuhjdwlrq1
Lq sduwlfxodu/ vrphwlphv wkh xqlwv lq wkh Vhfwlrq 48 gdwd gr qrw fruuhvsrqg wr
jhrjudsklf xqlwv1 Wkxv/ zh djjuhjdwh v|vwhpv iurp wkh vdph phwursrolwdq duhd1
Xqiruwxqdwho|/ wkh djjuhjdwhg xqlwv iru wulsv gr qrw fruuhvsrqg wr wkh xqlwv lq
wkh ?qdqflqj gdwd ehfdxvh ri wkh zd| wkh lqirupdwlrq zdv froohfwhg e| wkh IWD1
Zkloh wklv fdxvhv sureohpv lq wkh dqdo|vlv/ wkhuh lv qr ehwwhu uhdglo| dydlodeoh
sxeolf gdwd wr xvh1
Wkhuh duh pdq| plvvlqj revhuydwlrqv lq wkh Vhfwlrq 48 gdwd1 Wkh| jhqhudoo|
duh ri wkuhh w|shv1 Frqvlghu d yhfwru zlwk 45 hohphqwv +wkh qxpehu ri srwhqwldo
|hduv lq wkh gdwd, zkhuh dq 3r4 hohphqw vljql?hv wkdw wkh gdwd iru wkdw |hdu lv
revhuyhg dqg d 3p4 hohphqw vljql?hv wkdw wkh gdwd iru wkdw |hdu lv plvvlqj1 Iru
h{dpsoh/ +p>p>p>p>p>p> p>r>r>r>r>r, vljql?hv wkdw wkhuh lv qr gdwd iru wkh
?uvw vhyhq |hduv dqg wkhuh lv gdwd iru wkh odvw ?yh |hduv1 Rqh sdwwhuq ri plvvlqj
gdwd lv wkh h{dpsoh deryh zkhuh gdwd lv revhuyhg rqo| iru vrph |hdu diwhu 4<;71
Zh lqwhusuhw wklv dv d v|vwhp wkdw ehjdq lq wkh ?u v w| h d ur ir e v h u y h gg d w dd q g
uhihu wr lw dv dq xqvwdeoh v|vwhp1 Wkh vhfrqg sdwwhuq ri plvvlqj gdwd fdq eh
fkdudfwhul}hg e| wkh h{dpsoh +r>r>r>p>r>r> r>r>p>r>r>r,1 Zh lqwhusuhw vxfk
dq h{dpsoh dv wuxo| plvvlqj gdwd lq |hduv 7 +4<;:, dqg < +4<<5, dqg lpsxwh
wkhp e| lqwhusrodwlrq1 Wkh odvw sdwwhuq fdq eh fkdudfwhul}hg e| wkh h{dpsoh
+r>r>r>p>p>r> r>r>p>r>r>r,1 Zh lqwhusuhw vxfk dq h{dpsoh dv wuxo| plvvlqj
gdwd lq |hduv 7 +4<;:,/ 8 +4<;;,/ dqg < +4<<5,1 Exw/ vlqfh wkhuh duh wzr +ru pruh,
dgmdfhqw |hduv ri plvvlqj gdwd/ zh ghohwh vxfk v|vwhpv iurp rxu vdpsoh1 Wkhuh
49duh yhu| ihz v|vwhpv zlwk gdwd ri wkh wklug w|sh1 Zh frqvwuxfw irxu gdwd vhulhv
wr phdvxuh vhqvlwlylw| ri uhvxowv wr lpsxwdwlrq uxohv= d, rqo| vwdeoh vhulhv zlwk
qr plvvlqj revhuydwlrqv/ e, doo vhulhv zlwk qr plvvlqj revhuydwlrqv/ e, rqo| vwdeoh
vhulhv hyhq zlwk plvvlqj revhuydwlrqv wkdw fdq eh lpsxwhg/ dqg g, doo vhulhv hyhq
zlwk plvvlqj revhuydwlrqv wkdw fdq eh lpsxwhg1
Wkurxjkrxw wkh glvfxvvlrq lq Vhfwlrq 5/ zh qrupdol}h gdwd lqwr shu fdslwd
qxpehuv1 Wkh uhohydqw srsxodwlrq xvhg lv wkh srsxodwlrq ri wkh flw| pxowlsolhg
e| 5181 Wkh srsxodwlrq lv lqwhusrodwhg +ru h{wudsrodwhg, iurp 4<;3 dqg 4<<3
srsxodwlrq gdwd +xvlqj d jhrphwulf lqwhusrodwlrq,1 Lw lv pxowlsolhg e| 518 wr wdnh
lqwr dffrxqw wkh vxuurxqglqj duhd vhuyhg e| wkh wudqvlw v|vwhp1 Zlwk qr uholdeoh
lqirupdwlrq rq zkdw wkh fruuhfwlrq idfwru iru wkh vxuurxqglqj duhd vkrxog eh/
zh xvh wkh fruuhfw fruuhfwlrq idfwru iru Fkduorwwhvylooh zkhuh wkh srsxodwlrq lv
73/333 dqg wkh vxuurxqglqj frxqw| vhuyhg e| MDXQW kdv dqrwkhu 93/333 shrsoh1
;1 Dsshqgl{ E= Frqvwuxfwlrq ri Gdwd
;141 Frqvwuxfwlrq ri Vhsdudwh Gdwd Vhwv
Wkhuh duh wzr MDXQW gdwd ?ohv hdfk prqwk wr zrun zlwk ryhu wkh shulrg Pd|
4<<: wr Dsulo 4<<;1 Wkh ?uvw lv d ?oh/ VFKHG/ frqwdlqlqj lqirupdwlrq rq vfkhg0
xohg wulsv> lw lqfoxghv lqirupdwlrq rq wkh fdug qxpehu dqg qdph ri wkh lqglylgxdo
dqg wkh gdwh/ ruljlq/ ghvwlqdwlrq dqg sodqqhg yhklfoh ri wkh wuls1 Wkh vhfrqg
?oh/ WULSV/ frqwdlqv lqirupdwlrq rq dfwxdo wulsv> lw lqfoxghv lqirupdwlrq rq wkh
qdph ri wkh lqglylgxdo dqg wkh gdwh/ ruljlq/ ghvwlqdwlrq/ dfwxdo yhklfoh/ wkh wlph
uhtxluhphqw ri wkh wuls/55 dqg zkhwkhu wkh wuls zdv d qr0vkrz1 Rqh pxvw ?uvw
pdwfk hdfk wuls lq WULSV zlwk d vfkhgxohg wuls lq VFKHG e| pdwfklqj odvw
qdph/ ?uvw wzr ohwwhuv ri ?uvw qdph/ dqg gdwh/ ruljlq/ ghvwlqdwlrq/ dqg yhklfoh
qxpehu ri wuls1 Vlqfh wkhuh duh d vljql?fdqw qxpehu ri huuruv dvvrfldwhg zlwk
ruljlq dqg ghvwlqdwlrq frghv56 dqg glvsdwfkhuv vrphwlphv pdgh odvw plqxwh yh0
klfoh fkdqjhv/ d vljql?fdqw qxpehu ri pdwfkhv kdg wr eh grqh e| kdqg dv zhoo1
Wkh rxwsxw ri wklv surfhgxuh lv d prqwko| ?oh/ MDXQW/ zlwk rqh uhfrug iru hdfk
wuls frqwdlqlqj lqirupdwlrq rq wkh shuvrq*v qdph dqg fdug qxpehu dqg wkh wuls*v
gdwh/ ruljlq/ ghvwlqdwlrq/ yhklfoh qxpehu/ wkh wlph uhtxluhphqw/ dqg zkhwkhu wkh
wuls zdv d qr0vkrz1 Wkh vl}h ri hdfk ?oh lv olvwhg lq Wdeoh D141
Fkduorwwhvylooh Wudqvlw Vhuylfh +FWV, pdlqwdlqv uhfrugv rq doo Fkduorwwhvylooh
uhvlghqwv zkr duh holjleoh +dqg kdyh dssolhg wr xvh, MDXQW1 Dw wkh wlph ri
dssolfdwlrq/ wkh dssolfdqw ?oov rxw d txhvwlrqqdluh zlwk lqirupdwlrq derxw khu
55Iru ydulrxv uhdvrqv/ wkh wlph lqirupdwlrq lv qrw xvdeoh1
56Wkh jhrjudsklf frglqj v|vwhp iru ruljlq dqg ghvwlqdwlrq zdv uhodwlyho| qhz dw wkh wlph1
4:glvdelolwlhv/ eluwk gdwh/ dqg uhvlghqfh1 Eluwk gdwh lghqwl?hv djh/ uhvlghqfh lghqwl0
?hv qxuvlqj krph uhvlghqfh/ dqg qdph lghqwl?hv jhqghu1 Wkh lqglylgxdo lv jlyhq
d MDXQW fdug qxpehu zklfk fdq eh xvhg wr phujh zlwk wkh MDXQW wuls gdwd1
Wkh lvvxh gdwh ri wkh fdug lv uhfrughg dqg xvhg wr ghwhuplqh wkh uhohydqw shulrg
iru revhuylqj wulsv157 Lq Mdqxdu| 4<<;/ FWV fkdqjhg wkhlu holjlelolw| irup lq d
z d |w k d wp d g hl wl q f r p s d w l e o hz l w kh d u o l h ui r u p v 1 V rr q o |s h r s o hz k re h f d p h
holjleoh ehiruh Mdqxdu| 4<<; duh xvhg lq wklv vwxg|1
MDXQW nhsw d ?oh/ VHUYLFH/ ri hdfk shuvrq zkr uhfhlyhg hgxfdwlrq vhuylfhv/
w k hg d w hr iw k hv h u y l f h /d q gz k d ww | s hr iv h u y l f hw k h |u h f h l y h g 1 W k hs h u v r ql q
wklv ?oh lv lghqwl?hg e| wkhlu qdph dqg qrw wkhlu fdug qxpehu1 Zh dwwdfkhg d
fdug qxpehu wr hdfk qdph lq wkh ?oh e| pdwfklqj qdphv lq wkh VHUYLFH ?oh
dqg wkh FWV ?oh1
;151 Phujlqj Gdwd Vhwv
Wkh wkuhh ?ohv/ MDXQW/ FWV/ dqg VHUYLFH qhhg wr eh phujhg1 Vlqfh wkh| doo
kdyh d fdug qxpehu/ zh fdq pdwfk rq wkdw1 Wkh phujlqj surfhvv fdxvhv orvvhv
ri revhuydwlrqv hlwkhu ehfdxvh wkh fdug qxpehuv lq wkh MDXQW ?oh gr qrw pdwfk
dq|rqh lq wkh FWV ?oh ru wkh FWV ?oh uhfrug lv plvvlqj fulwlfdo lqirupdwlrq rq rqh
ri wkh h{sodqdwru| yduldeohv1 Wdeoh D15 uhfrugv lqirupdwlrq rq wkh ?uvw fdxvh ri
pdwfk idloxuh1 Plvvlqj lqirupdwlrq lq FWV uhfrugv rq djh fdxvhv ph wr orvh 434
shrsoh +<896 wulsv,/ dqg plvvlqj lqirupdwlrq rq jhqghu +ehfdxvh wkh ?uvw qdph
grhv qrw lghqwli| jhqghu, fdxvhv ph wr orvh dqrwkhu 48 shrsoh +4<; wulsv,1
Rqfh gdwd kdv ehhq phujhg/ zh djjuhjdwh lw lqwr qxpehu ri wulsv +dqg qr0
vkrzv, iru hdfk ri wkh hohyhq prqwkv lq wkh vdpsoh shulrg1 Lq wrwdo/ zh kdyh 4585
shrsoh zlwk dq dyhudjh ri 4416: prqwkv ri gdwd shu shuvrq158
;161 Frpsdulvrq ri Gdwd wr Hduolhu Gdwd
Ehduvh/ hw1 do +4<<;, +EJUV, ?qg wkdw wkh dyhudjh qxpehu ri wulsv shu shuvrq
shu prqwk lv 61841 Wkh gl>huhqfh ehwzhhq wkdw dqg p| hvwlpdwh ri 8135 fdq eh
fdxvhg e| wkh idfw wkdw EJUV frqvwuxfw sodqqhg wulsv iurp wkh VFKHG ?oh zkloh
zh xvh dfwxdo wulsv1 Wkh sureohpv wklv fdxvhv duh=
d, Vrph vfkhgxohg wulsv pd| eh fdqfhoohg1
57Dq|rqh zlwk dq lvvxh gdwh ehiruh Pd| 4<<: fdq wdnh wulsv ryhu wkh zkroh shulrg ri revhu0
ydwlrq/ Pd| 4<<: wr Dsulo 4<<;1
58Lw vkrxog eh qrwhg wkdw zh kdyh qr zd| ri nqrzlqj zkhwkhu hdfk shuvrq zdv d yldeoh ulghu
iru wkh zkroh vdpsoh shulrg1 Vrph shrsoh pljkw kdyh pryhg dzd| ru glhg ehiruh wkh vdpsoh
shulrg hqghg1
4;e, Wkh xvh ri dfwxdo wulsv uhtxluhv dq h{wud pdwfklqj vwhs edvhg rq odvw qdph
dqg ?uvw wzr ohwwhuv ri ?uvw qdph zklfk pd| ohdg wr vrph dfwxdo wulsv ehlqj orvw1
f, Wkh vxffhvv ri pdwfklqj qdphv pd| ghshqg xsrq wkh iuhtxhqf| ri wulsv>
wuls uhfrughuv duh pruh olnho| wr fruuhfwo| vshoo qdphv ri iuhtxhqw ulghuv wkdq
lqiuhtxhqw ulghuv1
H>hfwv +d, dqg +e, duh lq wkh zurqj gluhfwlrq> wkh| zrxog fdxvh sodqqhg wulsv wr
rffxu pruh iuhtxhqwo| wkdq dfwxdo wulsv1 Wkh rwkhu gl>huhqfh ehwzhhq EJUV*v
vdpsoh dqg wklv vdpsoh lv wkdw wkh EJUV vdpsoh zdv iru wzr |hduv zkloh wklv lv
d rqh |hdu vdpsoh1 Vlqfh wkhuh duh pdq| shrsoh lq wkh EJUV vdpsoh zkr wrrn
yhu| ihz wulsv ryhu wkh wzr |hdu shulrg/ lw pd| khos wr uhgxfh wkh dyhudjh qxpehu
ri wulsv1 Lw lv qrw fohdu krz dq| ri wkhvh sureohpv zloo fdxvh d eldv lq sdudphwhu
hvwlpdwhv rwkhu wkdq wkh frqvwdqw1
<1 Dsshqgl{ F= Hvwlpdwlqj wkh Ydoxh ri d MDXQW Wuls
Vwhuq +4<<6, surylghv hvwlpdwhv ri wkh h>hfwv ri ydulrxv shuvrqdo fkdudfwhulvwlfv
rq wkh uhodwlyh ydoxh ri ydulrxv prghv ri wudqvsruwdwlrq1 Wdeoh E14 uhsruwv wkh
uhohydqw sdudphwhu hvwlpdwhv lq wkh ?uvw wzr froxpqv1 Wkh gl>huhqfh uhsuhvhqwv
krz pxfk wkh uhohydqw fkdudfwhulvwlf fkdqjhv wkh ydoxh ri d MDXQW wuls uhodwlyh
wr d wuls gulyhq e| vrphrqh hovh phdvxuhg lq xwlov1 Wkh 3Vdpsoh Dyhudjh4 lv
wkh dyhudjh ydoxh ri wkh uhohydqw fkdudfwhulvwlf lq wkh vdpsoh iurp Vwhuq +4<<6,1
Zkloh wkdw vdpsoh lv qrw d uhsuhvhqwdwlyh vdpsoh ri hlwkhu glvdeohg shrsoh ru ri
M D X Q Wx v h u v /l wl vw k he h v wh v w l p d w hd y d l o d e o he h f d x v hq h l w k h uM D X Q Wq r uF W V
froohfwv lqirupdwlrq rq udfh/ pdulwdo vwdwxv/ ru hgxfdwlrq ohyho1 Wkh odvw froxpq
wdnhv sdudphwhu hvwlpdwh gl>huhqfhv wlphv wkh vdpsoh dyhudjh dqg dggv wkhp
xs1 Wkh ydoxh ri ’4133 ri iduh +phdvxuhg lq xwlov, lv 313671 Wkxv/ wkh prqhwdu|
ydoxh ri MDXQW uhodwlyh wr ehlqj gulyhq lv 3=3;;@3=367 @ 5=8<1 Vxewudfwlqj wkh
MDXQW iduh ri ’4183 ohdgv wr d ydoxh ri ’413<1
Uhihuhqfhv
^4‘ Ehduvh/ Shwhu/ Vklihudz Jxupx/ Fduro Udssdsruw/ dqg Vwhyhq Vwhuq +4<<;,1
3S d u d w u d q v l wG h p d q gr iG l v d e o h gS h r s o h 1 4 Xqsxeolvkhg pdqxvfulsw1
^5‘ Ehuqgw/ H1/ E1 Kdoo/ U1 Kdoo dqg M1 Kdxvpdq +4<:7,1 3Hv0
wlpdwlrq dqg Lqihuhqfh lq Qrqolqhdu Vwdwlvwlfdo Prghov14
Dqqdov ri Hfrqrplf dqg Vrfldo Phdvxuhphqw/ 6+7,= 98609991
^6‘ Hyhuhww/ Fduro +4<;8,1 3D Frpsdulvrq ri Ilyh H{hpsodu| Wudqvsruwdwlrq Vhu0
ylfhv iru wkh Glvdeohg14 Xuedq Lqvwlwxwh Surmhfw Uhsruw1 Zdvklqjwrq/ G1F1
4<^7‘ Il{/ Plfkdho +4<;8,1 3Wkh Hyroxwlrq ri Wudqvsruwdwlrq Surjudpv iru wkh Glv0
deohg lq Wkuhh Shqqv|oydqld Flwlhv14 Xuedq Lqvwlwxwh Surmhfw Uhsruw1Z d v k 0
lqjwrq/ G1F1
^8‘ Kdxvpdq/ Mhuu|/ Eurqz|q Kdoo/ dqg ]yl Julolfkhv +4<;7,1 3Hfrqrphwulf Prg0
hov iru Frxqw Gdwd zlwk dq Dssolfdwlrq wr wkh Sdwhqwv0U)G Uhodwlrqvkls14
Hfrqrphwulfd1 85+7,= <3<0<6;1
^9‘ MDXQW/ +4<<9,1 3Rshudwlqj Vwdwlvwlfv iru Xuedq Frpsohphqwdu| Sdudwudqvlw
lq Ylujlqld14 Lqwhuqdo grfxphqw/ Rfwrehu1
^:‘ Vwhuq/ Vwhyhq +4<<6,1 3D Glvdjjuhjdwh Glvfuhwh Fkrlfh Prgho ri Wudqv0
sruwdwlrq Ghpdqg e| Hoghuo| dqg Glvdeohg Shrsoh lq Uxudo Ylujlqld14
Wudqvsruwdwlrq Uhvhdufk1 B+B,= B1
53Wdeoh 4
Yduldeoh Gh?qlwlrqv dqg Prphqwv









DJH 9<148 53193 Djh lq Pd| 4<<:
QRQDPE 3155 3174 Shuvrq lv qrw Dpexodwru|
PREDLG 3159 3177 Shuvrq uhtxluhv d Prelolw| Dlg
DUDPLQ 315; 3178
Shuvrq kdv Sureohp zlwk Duwkulwlv/
Dpsxwdwlrq/ ru Lqfrruglqdwlrq
FHUHEU 3153 3173 Shuvrq kdv Fhuheurydvfxodu Sureohp
SXOPRQ 313< 315< Shuvrq kdv d Sxoprqdu| Sureohp
NLGQH\ 3137 314< Shuvrq kdv d Nlgqh| Sureohp
VLJKW 3149 316: Shuvrq kdv d Vljkw Sureohp
PHQUHW 313; 315;
Shuvrq kdv Sureohp zlwk Phqwdo
Uhwdugdwlrq ru Dxwlvp
QHXUR 313< 315< Shuvrq kdv Qhxurorjlfdo Sureohp
RWKHU 3157 3176 Shuvrq kdv d Rwkhu Sureohp
IHPDOH 319< 3179 Shuvrq lv Ihpdoh
QXUVKP 3166 317: Shuvrq Olyhv lq d Qxuvlqj Krph
KRPHHGR 314< 3148
Shuvrq Uhfhlyhg Hgxfdwlrq dw
Krph dw Ohdvw Rqh Prqwk Djr
GVWHGR 3137 3136
Shuvrq Uhflhyhg Hgxfdwlrq dw
Ghvwlqdwlrq dw Ohdvw Rqh Prqwk Djr
PDLOR 3143 313<
Shuvrq Uhfhlyhg Pdlolqj Derxw
Jxlgholqhv dw Ohdvw Rqh Prqwk Djr
DQ\VUYR 3163 3154
Shuvrq Uhflhyhg Dq| Hgxfdwlrq
V h u y l f hd wO h d v wR q hP r q w kD j r
PRQWKw Gxpp| iru Prqwk w
Qrwhv=
4, Wkhuh duh vhsdudwh yduldeohv lghqwli|lqj wkh sduwlfxodu qxuvlqj krph wkh shuvrq
olyhg lq dw wkh lvvxh gdwh1
5, Wkh wrwdo h>hfw ri uhfhlylqj hgxfdwlrq +ri dq| w|sh, rqh prqwk djr lv wkh 0HGR
yduldeoh soxv wkh 0HGQ yduldeoh1 Iru doo prqwkv diwhu wkdw/ lw lv mxvw wkh 0HGR
yduldeoh1
6, Pd| 4<<: lv wkh h{foxghg prqwk iurp wkh prqwk gxpplhv1
54Wdeoh 5








Pd| <: 437: 3133 81;< 3138
Mxqh <: 43:: 3133 81:5 3138
Mxo| <: 4434 3133 817; 3137
Dxj <: 4464 3143 8156 313:
Vhsw <: 44:5 3153 8169 3138
Rfw <: 4537 3154 81;7 3139
Qry <: 456: 3155 716< 3137
Ghf <: 4585 315; 7198 3138
Mdq <; 4585 315< 7196 3138
Ihe <; 4585 3163 718: 3139
Pdu <; 4585 3163 8137 3138
Dsu <; 4585 3163 71<7 3138
55Wdeoh 6
Udqgrp H>hfwv Frxqw Prgho Hvwlpdwhv +Wulsv,































































































































































4, Qxpehuv lq sduhqwkhvhv duh dv|pswrwlf vwdqgdug huuruv1
5, Vlqjoh vwduuhg lwhpv duh vljql?fdqw dw wkh 43( ohyho/ dqg grxeoh vwduuhg lwhpv
duh vljql?fdqw dw wkh 8( ohyho1
57Wdeoh 7













































4, Rqh pxvw kdyh wdnhq dw ohdvw 7 wulsv wkh sulru prqwk wr eh lqfoxghg lq wkh
edvh1
5, Wkhuh duh 58 shrsoh lq wkh frppxqlw| uhfhlylqj krph hgxfdwlrq dqg 57 lq
qxuvlqj krphv uhfhlylqj krph hgxfdwlrq1
5, Wkhuh duh 5:: shrsoh lq wkh frppxqlw| qrw uhfhlylqj krph hgxfdwlrq dqg 68
lq qxuvlqj krphv qrw uhfhlylqj krph hgxfdwlrq1
6, Rfwrehu 4<<: lv xvhg dv wkh frxqwhuidfwxdo uhfhlsw gdwh iru shrsoh qrw uhfhlylqj
vhuylfh11
58Wdeoh 8
Il{hg H>hfwv Frxqw Prgho Hvwlpdwhv +Wulsv,










































4, Qxpehuv lq sduhqwkhvhv duh dv|pswrwlf vwdqgdug huuruv1
5, Vlqjoh vwduuhg lwhpv duh vljql?fdqw dw wkh 43( ohyho/ dqg grxeoh vwduuhg lwhpv
duh vljql?fdqw dw wkh 8( ohyho1
59Wdeoh 9
Fruuhodwhg Surelw Prgho Hvwlpdwhv +Qr0Vkrzv,























































































4, Qxpehuv lq sduhqwkhvhv duh dv|pswrwlf vwdqgdug huuruv1
5, Vlqjoh vwduuhg lwhpv duh vljql?fdqw dw wkh 43( ohyho/ dqg grxeoh vwduuhg lwhpv
duh vljql?fdqw dw wkh 8( ohyho1
5:Wdeoh :












MDXQW Vdylqjv Dvvrfldwhg Zlwk Uhgxfhg Wulsv Xqghu Gl>huhqw Dvvxpswlrqv
Dqqxdo
Vdylqjv Odvw
5\ h d u v
Vdylqjv Odvw
7\ h d u v
Rqo| Krph Hgxfdwlrq Surylghg
Sduwldo Fryhudjh ’74/;:; ’;4/995 ’488/69:
Frpsohwh Fryhudjh ’6;3/:3< ’:75/6;6 ’4/745/763
Fryhudjh Rqo| iru Qhz Sdvvhqjhuv ’8;/543 ’446/843 ’548/<93
Fxuuhqw Pl{ ri Surjudpv Qhhghg
Sduwldo Fryhudjh ’46/94; ’59/888 ’83/856
Frpsohwh Fryhudjh ’;3/439 ’489/53: ’5<:/4<6
Fryhudjh Rqo| iru Qhz Sdvvhqjhuv ’44/<;6 ’56/69; ’77/793
Qrwhv=
4, Sduwldo fryhudjh vdylqjv iru wkh ?uvw froxpq duh htxdo wr UW-QS-FW zkhuh
UW lv uhgxfhg wulsv shu sdvvhqjhu shu |hdu/ QS lv qxpehu ri sdvvhqjhuv uhfhlylqj
vhuylfh/ dqg FW lv frvw shu xuedq wuls1 UW lv 491<5 iru krph hgxfdwlrq vhuylfhv
dqg 617; iru dq| hgxfdwlrq vhuylfhv/ QS lv 574 iru krph hgxfdwlrq vhuylfhv dqg
6;4 iru dq| hgxfdwlrq vhuylfhv/ dqg FW lv ’4315:1
5, Frpsohwh fryhudjh qxpehuv glylgh sduwldo fryhudjh qxpehuv e| sursruwlrq ri
wkh srsxodwlrq zkr uhflhyhg vhuylfhv ri wkdw w|sh1
6, Xvlqj d zhljkwhg dyhudjh ri wkh qxpehu ri qhz sdvvhqjhuv iru wkh |hduv 4<<60
4<<9 lq Ehduvh hw do1 +4<<;,/ wkhuh duh dssur{lpdwho| 668 qhz sdvvhqjhuv shu
|hdu1
5<Wdeoh <
Gluhfw Dqqxdo dqg Orqj0Whup Frvwv
Dqqxdo Frvwv Orqj0Whup Frvwv





Rqo| Krph Hgxfdwlrq Surylghg
Sduwldo
Fryhudjh
’9/:3; ’4/487 ’:/;95 ’48/664 ’5</49;
Frpsohwh Fryhudjh ’6</78< ’9/:;: ’79/579 ’<3/4;3 ’4:5/648
Fryhudjh iru
Qhz Sdvvhqjhuv
’</657 ’4/937 ’43/<5; ’54/643 ’73/876
Fxuuhqw Pl{ ri Surjudpv Qhhghg
Sduwldo Fryhudjh ’47/867 ’5/833 ’4:/367 ’66/549 ’96/4<9
Frpsohwh Fryhudjh ’7;/77: ’;/666 ’89/:;3 ’443/:54 ’543/987
Fryhudjh iru
Qhz Sdvvhqjhuv
’45/:<3 ’5/533 ’47/<<3 ’5</564 ’88/946
Qrwhv=
4, Wkh 3frpsohwh fryhudjh vdodu|4 frvw zkhq 3rqo| krph hgxfdwlrq lv surylghg4
lv wkh frvw ri wkh sdvvhqjhu hgxfdwru*v wlph vshqw surylglqj krph hgxfdwlrq
+’9/:3;, glylghg e| wkh sursruwlrq ri wkh vdpsoh uhfhlylqj krph hgxfdwlrq +314:,1
5, Wkh 3frpsohwh fryhudjh vdodu|4 frvw zkhq wkh 3fxuuhqw pl{ ri surjudpv lv
qhhghg4 lv wkh frvw ri wkh sdvvhqjhu hgxfdwru*v wlph vshqw surylglqj vhuylfhv
+’47/867, glylghg e| wkh sursruwlrq ri wkh vdpsoh uhfhlylqj dq| vhuylfh +3163,1
6, Rwkhu frvwv iru 3sduwldo fryhudjh zlwk fxuuhqw pl{ ri surjudpv4 lv ’5/8331
Doo rwkhu hohphqwv ri wkh vhfrqg froxpq duh sursruwlrqdo1
63Wdeoh 43











’59/888 ’8</344 ’66/549 ’85/683
Lqwhuphgldwh Frvw
iru Wulsv qrw Wdnhq
’56/:6: ’8</344 ’66/549 ’7</865
Frpsohwh Frvw iru
Wulsv qrw Wdnhq
’</6;9 ’8</344 ’66/549 ’68/4;4
Fryhudjh iru Rqo| Qhz Sdvvhqjhuv
Qr Frvw iru
Wulsv qrw Wdnhq
’56/69; ’84/;;9 ’5</564 ’79/356
Lqwhuphgldwh Frvw
iru Wulsv qrw Wdnhq
’53/;;; ’84/;;9 ’5</564 ’76/876
Frpsohwh Frvw iru
Wulsv qrw Wdnhq
’;/593 ’84/;;9 ’5</564 ’63/<48
64Wdeoh E14
Qxpehu ri Revhuydwlrqv iru MDXQW Gdwd e| Prqwk
Prqwk & Rev Prqwk & Rev
Pd| <: :5<: Qry <: 977;
Mxqh <: :57; Ghf <: 9;97
Mxo| <: :3:7 Mdq <; 9:8:
Dxj <: 9<59 Ihe <; 9<74
Vhsw <: :674 Pdu <; :7;5
Rfw <: :<96 Dsu <; :9:7
65Wdeoh E15
Iuhtxhqf| ri Edg Pdwfkhv Ehwzhhq MDXQW dqg FWV Gdwd
Prqwk & Edg Pdwfkhv Prqwk & Edg Pdwfkhv
Pd| <: 5;: Qry <: 5;4
Mxqh <: 593 Ghf <: 5;8
Mxo| <: 4<9 Mdq <; <<
Dxj <: 544 Ihe <; 78<
Vhsw <: 586 Pdu <; 635
Rfw <: 655 Dsu <; 95;
66Wdeoh F14
Frpsxwdwlrq ri Ydoxh ri d MDXQW Wuls
Hvwlpdwhv Vdpsoh
MDXQW Gulyhq Gl>huhqfh Dyhudjh H>hfw
Frqvwdqw 0419;5 051346 31664 4133 31664
Ihpdoh 41345 31;<6 3144< 31:< 313<7
Eodfn 41383 31;;: 31496 316< 31397
Pduulhg 031586 0315<4 3136; 315; 31344
Hgxfdwlrq 0314;6 0313;4 031435 ;19: 031;;7
Zdon 31657 031795 31:;9 3193 317:5
Wrwdo 313;;
67